The main objective of this study is to design teaching model associating situated interesting and metacognition to enhance the performance of scientific learning of low achievement eighth grade student in scientific inquiry ability.
Introduction
Very few inquiry-based learning methods were used to study low achievement student, because there is no basis of evidence of empirical study to design inquiry-based teaching meeting low achievement student. When general inquiry-based teaching model was used, it was too challenging to low achievement students. They cannot feel the excitement and fun from scientific inquiry and finding, therefore, it will lead to either low engagement or empty-handed return of low achievement student (Champagne & Klopfer, 1977; Cuevas, Lee, Hart, & Deaktor, 2005; Welch, Klopfer, Aikenhead, & Robinson, 1981) . From the past related literature, it was found that teaching strategy of situated interesting and metacognitive scaffolding triggering low achievement student has positive action on enhancing their scientific learning (Hidi & Renninger, 2006; Ben-David & Zohar, 2009 ). However, no scholars integrate these advantageous elements to design teaching and teaching model that can meet the inquiry-based learning of low achievement student. Meanwhile, empirical study was used to investigate its effectiveness.
Literature Review
Situated interesting meant the interestingness of the situation and this was related to specific content characteristic and situated feature. It was triggered by new, vivid, amazing, suspense, and unexpected event or experience in the classroom, and then students' situated interesting was enlightened. Such short interesting can let students get involved in the activity spontaneously (Palmer, 2009) . It was found from situated interesting study that the occurrence of situated interesting was affected by five factors: novelty, challenge, attention demand, exploration intention, and instant enjoyment. These five factors generate different effectiveness on situated interesting and instant interesting has decisive effect on situated interesting among them. Through the enhancement of direct enjoyment, novelty and exploration intention can have positive effect on situated interesting. However, challenge had only tiny effect (Krapp, Hidi, & Renninger, 1992) . In the studies of scholars, such as Durik and Harackiewicz (2007) , Hidi and Renninger (2006) , Holstermann, Grube, and Bögeholz (2009) , Juuti et al. (2010) , it was found that learners can feel novelty and meaning on the learning task and can participate in the activity. In the classroom, through the use of cooperative learning, creative activity, conduction of exploration and discussion, animation and virtual experiment, encouragement of thinking, debate on controversial topic, exploration of scientific story, and live classroom atmosphere, situated interesting of the student can be inspired. The attention and persistence of the student can be enhanced, and meanwhile, learning anxiety can be reduced.
Next, some studies showed the necessity of metacognition for students to develop scientific knowledge through exploration (Chinn & Malhotra, 2002; White & Frederiksen, 1998) . It was also a key in learning transfer and it can let students learn the learning method (Bransford & Schwartz, 1999) . Since "metacognition" has many definition and meanings, this study will focus on the investigation of definition beneficial for the incubation of students' scientific inquiry ability. From the analysis of literature related to metacognition and scientific inquiry, it can be found that some scholars focus on cognitive knowledge. For example, Ben-David and Zohar (2009) emphasized that in the scientific inquiry, it not only needed to think about what we do (The procedural level of thinking), but also it was needed to think about how we think (The metacognitive level of thinking). In addition, some scholars emphasized on the self-regulation of cognition. For example, Azevedo and Cromley (2004) and Zimmerman and Schunk (2001) pointed out that in order to gain successful exploration, it THE USE OF TEACHING MODEL 313 was very important for the students to learn how to plan, monitor, and self-examine. From the literature review, it was not found that scientific inquiry-based teaching put "cognitive knowledge" and "cognitive self-regulation" together at the same time. Therefore, in this study, "cognitive knowledge" and "cognitive self-regulation" were tried to be associated. Metastrategic knowledge and self-regulation were designed into metacognitive scaffolding that was appropriate for the inquiry-based learning of low achievement students.
To summarize, this study will aim at three factors of "instant enjoyment," "novelty," and "exploration intention" pointed out by Krapp, Hidi, and Renninger (1992) for more positive effect of triggering situated interesting. Then, learning tasks that can trigger students' situated interesting, enhance students' learning focus and persistence, and reduce learning anxiety. Many scholars were associated to design inquiry-based learning activity and teaching model. They include four design perspectives: (a) design of game situation; (b) design of exploration situation; (c) design of operation situation; and (d) design of story situation. The above four design perspectives had purposes to inspire the situated interesting of low achievement students, so that they were willing to get engaged in inquiry-based learning activity. Next, based on students' inquiry experience, explicit teaching was used to introduce the metastrategic knowledge related to inquiry. Meanwhile, in these learning activities, through the association of self-regulation, it can help students to plan, monitor, and re-examine their inquiry-based teaching.
Based on the above literature review, questions to be answered in this study include: 1. Was there any difference for the performance on scientific inquiry ability for students of high, medium, and low achievement in the experiment group and the control group after teaching? 2. Were there any differences for the performance on "recognize scientific inquiry" and "identifying controlled experiment" abilities for different learning achievement students in the experiment group and the control group after teaching?
Research Design
In this study, quasi-experimental design was adopted and the subject was from eighth grade students. The teaching treatment period was the first semester of eighth grade period, for a total of three months. In the experiment group, teaching model associating situated interesting and metacognition was accepted and in the control group, traditional lecture instruction was accepted. For both groups of students, in the beginning of the semester, pre-test of scientific inquiry ability test was conducted. One and a half months after the teaching, middle-test was conducted and post-test was conducted at the end of the experiment. In the experiment group, it was acted by teachers incubated by this study. While in the control group, it was acted by teachers with educational accumulated years of experience and educational background similar to teachers of the experiment group.
Subjects
In this study, two schools in the metropolitan area and one school in the non-metropolitan area were selected. Four classes were taken from metropolitan area and two classes of the experiment group and two classes of the control group for each school. In the non-metropolitan area, two classes were taken and they were respectively the experiment group and the control group. There were respectively 153 students in the experiment group and the control group. The score of natural science of the second semester of seventh grade was used as basis for the grouping of learning achievement. Meanwhile, according to the remedial teaching implementation project for elementary school and junior high school (Ministry of Education, 2012), the last THE USE OF TEACHING MODEL 314 25% of the class score of single subject in the metropolitan area and the last 35% of the class score of single subject in the non-metropolitan area were used as the indicator and used as the selection basis for low achievement learning group. Relatively, the first 25% of class score of single subject in the metropolitan area and the first 35% of class score of the single subject in the non-metropolitan area were used as the selection basis of learning high achievement group. Both of them were the selection basis of learning medium achievement group. The number of high, medium, and low achievement students of the experiment group and the control group were listed in Table 1 . 
Treatment Overview
This study was conducted at the first semester of eighth grade and teaching material was the first to fifth unit from the natural science. Since considering there was existed content and schedule of the school, it was difficult to transform the learning subjects of all the teaching units into teaching model associating situated interesting and metacognition. However, it was hoped that students in the experiment group can have learning chance in each unit to conduct learning activity designed by this study, therefore, in each unit, two to three learning subjects were edited into teaching model meeting the design of this study (see Table 2 ). Furthermore, the class session of the experiment group in each department, on the average, was one session more than the control group, therefore, in order to let the class sessions of two groups be the same, the control group was added with one class session in each unit to be used as explanation the solution in the textbook. 
The Activities
In each learning subject of the experiment group, teaching strategy and related teaching material that can trigger situated interesting include four design perspective: (a) design of game situation. For example, the preparation of test tube pan flute instrument in Table 3 , the preparation of percussion test tube musical instrument, billiards virtual experiment, and preparation of periscope; (b) design of exploration situation. For THE USE OF TEACHING MODEL 315 example, the scientific exploration film, molding experiment of toast, construction and analysis of figure and table, animation for dissolved solid, animation for temperature and solubility, film of symphony of wine bottle, film of test tube pan flute, musical scale film of test tube instrument, experimental film on musical level, and animation for specific heat in Table 3 ; (c) design of operational situation. For example, density virtual experiment in Table 3 , self-made sound experiment of guitar string, tone, volume, timbre virtural experiment, virtual experiment for the cause of formation of refraction, virtual experiment of refraction of light, virtual experiment of imaging of convex lens, and heat animation and virtual experiment; and (d) design of story situation. For example, virtual experiment of the crown of the king in Table 3 , film of epiphany of Archimedes in the bathtub, and Archimedes-light reflection and concave mirror. Table 3 explained the correlation among teaching materials of different learning subjects designed according to teaching strategy of situated interesting, scientific inquiry-based learning sheet, and metacognition learning scaffolding. Among them, metacognition learning scaffolding can be divided into two parts metastrategic knowledge and self-regulation. Most learning subjects were accompanied with scientific inquiry-based learning sheet, however, only the last learning subject from the second to the fifth units was THE USE OF TEACHING MODEL 316 accompanied with metastrategic knowledge of metacognition learning scaffolding. However, for self-regulation, when students were conducting virtual experiment and conducting scientific experiment and when teacher was explaining and discussing metastrategic knowledge for students, teacher will guide students to conduct the plan, monitor, and re-examine the scientific inquiry and thinking activity.
For scientific inquiry-based learning sheet, after students have observed the animation, it can let students think and discuss the inquiry activity in the animation, then proposed questions, formed hypothesis, designed experiment (including the experiment group, the control group, independent variables, controlled variables, and dependent variables), analyzed experimental results (drew data table and correlation chart), found the pattern or trend, and reached conclusion. In one side, activities, such as operating virtual experiment or doing scientific inquiry-based learning sheet, can be used as guidance for students in conducting inquiry. In another side, it can help students to record their scientific inquiry and thinking.
After many students have generated more scientific inquiry experiences from it, then explicit teaching was used to introduce and explore related metastrategic knowledge to deepen students' scientific inquiry-based learning. Metastrategic knowledge involved what, how, and why, and its teaching content had used "In rainy season, through observation, it will be found that molding phenomenon can be seen from many objects" as an example to explain what, how, and why in the processes of proposing questions, forming hypothesis, designing experiment, analyzing experiment result, and obtaining the conclusion.
In the learning subject of the first unit, it was not accompanied with metastrategic knowledge, but the last learning subject from the second to the fifth unit, which was accompanied with metastrategic knowledge. It was metastrategic knowledge was more abstract, so students must have more inquiry and thinking learning experience, and then, be explained and discussed with metastrategic knowledge. Students can have easier link with the previous inquiry and thinking experience to generate meaningful learning. Therefore, students can re-examine if the scientific inquiry process and written content in the learning sheet was appropriate or not and how to improve. This involved self-regulation process.
In the entire teaching process, scientific inquiry-based learning sheet and metastrategic knowledge used by each learning subject had the same content, which will be given to students to be used in the classroom. When conducting virtual experiment and doing scientific experiment, students were guided by scientific inquiry-based learning sheet to conduct inquiry. During the process, teacher instructed students how to plan, monitor, and re-examine the inquiry and thinking. When teacher was explaining and discussing metastrategic knowledge with students, teacher will also guide students to re-examine their previous inquiry and thinking. In the teaching of the experiment group, "plan" included the proposition of questions, the formation of hypothesis, the design of experiment, and the decision of how to analyze the experiment result. "Monitor" was to help students to judge how good the inquiry process was done. "Re-examine" was used to help students to improve their inquiry and thinking.
The Teaching Model
According to the above mentioned discussion, the teaching model of the experiment group included: (a) the conduction of learning activity: film, animation, virtual experiment, and do the scientific experiment; (b) mutual discussion among neighboring students; (c) writing of scientific inquiry-based learning sheet; (d) teacher guided students to do planning and monitoring; (e) invite students to make expression and exchange; (f) discussion and clarification; (g) teacher guided students to do re-examination; and (h) teacher explained and discussed metastrategic knowledge with students. Here, although procedural way was used to express the teaching model of the experiment group, yet sometimes different procedures were conducted at the same time, for example, (a), (b), and (c). Sometimes, they appeared one after another, for example, (c) and (d). They did not appear necessarily, for example, (c), (d), (g), and (h) (see Table 3 ).
Instrument
Test of scientific inquiry ability was re-written from one test regarding the conduction of experiment from the book titled Integrated Science Laboratory Manual published by Prentice Hall Science Explorer (2000). It question situation described the inquiry process of "a scientist wanted to find out the cause why sea water frozen at temperature lower than that of fresh water" in listing way and there were nine descriptive sentences with each descriptive sentence had a corresponding number. The original test tool contained eight questions and its content included the identification of eight items of "question under study," "observation," "research hypothesis," "experiment process," "independent variable," "dependent variable," "data," and "discussion." Among them, questions regarding independent variable and dependent variable were short-answer, for the rest of questions, student must, from nine descriptions described in the question situation, select appropriate description and use the number to answer.
For example, Question 1 was "In the above descriptions, what descriptions included conclusion?" and the answer was 8-Scientist wrote on the notebook: this phenomenon explained that the freezing temperature of sea water was lower than that of fresh water and 9-This scientist wrote continuously: I thought that the reason the freezing temperature of sea water was lower than that of fresh water was because there was dissolved salt in the sea water, but there was not in the fresh water. Students only needed to write "8 and 9" in the answering sheet. Question 7 was "In this experiment, please describe what independent variable was?" and students must, on the answering sheet, write that the "independent variable was salt content in the water." In this test, it was revised into 10 questions, and Question 1 to 6 was the same as that of original test. In Question 7 and 8, the original short-answer was changed into multiple-choice question and two multiple-choice questions of confirming "control variable" and "control group" were added.
In this test, it contained 10 questions, the first six questions belonged to "recognize scientific inquiry" and it included six items, such as "study of question," "observation," "study of hypothesis," "experiment process," "data," and "conclusion." The last four questions belonged to "identifying controlled experiment" and it included four items, such as "independent variable," "dependent variable," "control variable," and "control group." Questions 1, 3, 4, and 6 were multi-select questions and the rest were multiple-choice questions. The scoring method was when you got the right answer, you will get one point, when you got the wrong answer and you will get 0 point with the full score being 10 points. In the validity part, after reviewing by two scientific education experts and two teachers in physics and chemistry in junior high school. Trial by one class of eighth grade students, the sentence was revised into descriptions that can be understood by students in eighth grade students. In reliability aspect, test was conducted on 119 eighth grade students, which Kuder-Richardson (KR) 20 had reliability of 0.674 and the re-test reliability was 0.628 (p < 0.01).
Data Analyses
Then statistic package for social science (SPSS) 17.0 was used to conduct statistical analysis, pre-test was used as covariate variable, and middle-and post-test performance was used respectively as dependent variable THE USE OF TEACHING MODEL 318 to conduct multi-variate analysis of covariance (ANCOVA). If the hypothesis of same characteristic of regression coefficient within the group was violated, then single-variate covariate analysis will be adopted. When single variate covariate analysis was conducted and hypothesis of the same characteristic of regression coefficient within the group was violated, too. Then, Johnson-Neyman method will be switched to for the analysis. In the statistical analysis of this study, the probability of the error of the first type was controlled within the judgment value range of α = 0.05.
Findings and Discussions

Comparison of the Performance on Scientific Inquiry Abilities for Different Learning Achievement Students in the Experiment Group and the Control Group
In the performance of scientific inquiry ability, the score of pre-test of scientific inquiry ability was used as covariate variable. The scores in the middle-and post-test of scientific inquiry ability were used as independent variables to conduct multi-variate within-the-group regression coefficient homogeneity test. The multi-variate Wilk's λ-value was 0.951, which the significance level (p > 0.05) was not reached and the statistical hypothesis of covariate analysis was not violated. Then, single variate within-the-group regression coefficient homogeneity test was conducted and significance level was not reached (single variable F-value was 20.23 and 9.77 respectively, p > 0.05). Therefore, covariate analysis can be conducted continuously. From Table 4 , it can be seen that the analysis result of multi-variate ANCOVA, in the overall test, Wilk's λ-value was 0.714, which has reached the significance level (p > 0.05). Further, univariate ANCOVA was conducted after removing the influence of covariate variable. For high, medium, and low achievement students in the experiment group and the control group, the comparison of adjusted average scores of scientific inquiry ability middle-and post-test scores, which the significance level was reached (univariate F-value was 6.849 THE USE OF TEACHING MODEL 319 and 21.404 respectively, p < 0.05). Fisher's least significant difference (LSD) method was used for post-hoc comparison. The result showed that in the middle-test of scientific inquiry ability, the performance of low achievement students in the experiment group was lower than the performance of high and middle achievement students in the experiment group and the control group (p < 0.05). It showed no difference to low achievement students in the control group (p > 0.05). In the post-test of scientific inquiry ability, low achievement students in the experiment group were lower than the performance of high achievement and middle achievement students in the experiment group (p < 0.05). However, it was superior to the performance of low achievement students in the control group (p < 0.05). It showed no difference to the performance of high achievement and middle achievement students in the control group (p > 0.05).
Comparison of the Performance on "Recognize Scientific Inquiry" and "Identifying Controlled Experiment" Abilities for Different Learning Achievement Students in the Experiment Group and the Control Group
In the performance of recognizing scientific inquiry, the pre-test score of recognizing scientific inquiry was used as covariate variable while the middle-and post-test scores of recognizing scientific inquiry were used as dependent variables to conduct multi-variate within-the-group regression coefficient homogeneity test. The multi-variate Wilk's λ-value was 0.972, which did not reach the significance level (p > 0.05) and ANCOVA can be conducted continuously. From Table 5 , through the analysis result of multi-variate ANCOVA, in the overall test, Wilk's λ-value reached 0.861, which exceeded the significance level (p > 0.05). In the post-test of recognizing scientific inquiry, the results are the same as scientific inquiry ability. In the performance of identifying controlled experiment, the pre-test score of identifying controlled experiment was used as covariate variable. The middle-and post-test scores of identifying controlled THE USE OF TEACHING MODEL 320 experiment were used as dependent variables to conduct multi-variate within-the-group regression coefficient homogeneity test. Multi-variate Wilk's λ-value was 0.980, which did not reach the significance level (p > 0.05) and ANCOVA can be continued. From Table 6 , it can be seen that for the result of multi-variate ANCOVA, in the overall test, Wilk's λ-value was 0.737, which reached the significance level of 0.05. LSD method was used for after-comparison, and the result was shown in the middle-test of identifying controlled experiment, the performance of low achievement students in the experiment group was worse than that of high achievement students in the experiment group and high achievement students in the control group (p < 0.05). However, it did not show any difference to the performance of middle achievement students in the experiment group and middle and low achievement students of the control group (p > 0.05). In the post-test of identifying controlled experiment, the performance of low achievement students of the experiment group was lower than the performance of high and middle achievement students in the experiment group and high achievement students in the control group (p < 0.05). However, it was superior to the performance of low achievement students in the control group (p < 0.05) and it did not show any difference to the performance of middle achievement students in the control group (p > 0.05).
Discussion
When the above statistical results were summarized, it can be found as the followings: 1. The performance of scientific inquiry of low achievement students of the experiment group, after teaching, did not show any different to high achievement in the control group, however, it was still lower than the performance of middle and high achievement students in the experiment group.
2. From the performance of middle-and post-test of scientific inquiry ability low achievement students of the experiment group, it can be seen that the performance of scientific inquiry of low achievement students of THE USE OF TEACHING MODEL 321 the experiment group showed gradual progress.
3. After teaching, the performance of low achievement students of the experiment group in recognizing scientific inquiry did not show any difference to the performance of high achievement students of the control group. However, in identifying controlled experiment, it only showed no difference to the middle achievement students of the control group, and such result explained that relative to identifying controlled experiment, low achievement students of the experiment group showed better progress in recognizing scientific inquiry.
4. From the above result, it was found that controlled experiment was indeed an item that low achievement students showed slower progress.
From Findings 1 and 2, it can be seen that the teaching model associating situated interesting and metacognition in this study can enhance the scientific inquiry ability of low achievement students and it can reach a level that did not show any difference to the high achievement students of the control group. Such result was similar to the study result of Ben-David and Zohar (2009) who used metastrategic knowledge of "forming hypothesis" to conduct explicit teaching to enhance students' ability of "forming hypothesis." They found that through such teaching, even low achievement students can be the same as high achievement students, develop the ability of "forming hypothesis."
From Findings 3 and 4, it can be seen that in the teaching model of this study associating situated interesting and metacognition, low achievement students, in identifying controlled experiment, relative to other dimension of scientific inquiry ability, showed slower progress and higher learning difficulty. Controlled experiment was the important method to explore cause and affect relationship in the scientific inquiry, and from the related literature review, it can be found that students had more difficulty in the learning of this part (Zimmerman, 2007) . This was also reflected on the result of this study.
Conclusions and Implications
This study was mainly based on three factors, such as "instant enjoyment," "novelty," and "exploration intention" that might have larger positive effect in triggering situated interesting. They include four perspectives, such as: (a) design of game situation, (b) design exploration situation, (c) design of operation situation, and (d) design of story situation to design teaching model that can trigger the situated interesting of learning low achievement students. In this teaching model, based on students' inquiry experiences, explicit teaching method was used to introduce metastrategic knowledge related to inquiry. In these learning activities, the guidance of self-regulation was also associated so as to help students to plan, monitor, and re-examine inquiry-based learning. From the result of this study, it was clear that it can support that this teaching model can effectively enhance scientific inquiry ability of low achievement students in natural science.
Next, in the performance of scientific inquiry ability, "identifying controlled experiment" was the part for low achievement students with slower progress and more learning difficulty relatively to "recognizing scientific inquiry." Therefore, in the learning of scientific inquiry and in the confirmation and thinking of controlled experiment, low achievement students might need more units and longer time of continuous learning.
In order to further understand the effectiveness of the teaching model of the design of this study for associating situated interesting and metacognition, it was suggested that in the future, schools of different types of more areas should be selected, including small schools of remote areas, to conduct teaching experiment so as to set up the ecological validity of this teaching model.
